Urinary tract infections (UTIs) are common in pregnant women and pose a great therapeutic challenge, since the risk of serious complications in both the mother and her child is high. Pregnancy is a state associated with physiological, structural and functional urinary tract changes which promote ascending infections from the urethra. Unlike the general population, all pregnant women should be screened for bacteriuria with urine culture, and asymptomatic bacteriuria must be treated in every case that is diagnosed, as it is an important risk factor for pyelonephritis in this population. The antibiotic chosen should have a good maternal and fetal safety profile. In this paper, current principles of diagnosis and management of UTI in pregnancy are reviewed, and the main problems and controversies are identified and discussed.
Introduction
Urinary tract infections (UTIs) in pregnant women continue to pose a clinical problem and a great challenge for physicians. Although the incidence of bacteriuria in this population is only slightly higher than in non-pregnant women, its consequences for both the mother and the unborn child are more severe. There is a much higher risk (up to 40%) of progression to pyelonephritis, and possibly increased risk of pre-eclampsia, premature birth and low neonatal birth weight [1] [2] [3] [4] [5] [6] . That is related to profound structural and functional urinary tract changes, typical for pregnancy. In about 80% of pregnant women dilation of the urinary tract combined with slight hydronephrosis is observed, caused partly by a reduction in smooth muscle tone with slowing of ureteral peristalsis, and partly by urethral sphincter relaxation. This may be due to high levels of circulating progesterone [1, 7] . Simultaneously, the enlarged uterus compresses the urinary bladder, thus increasing the intravesical pressure, which may result in vesico-ureteral reflux and urine retention in the bladder after miction, commonly observed in pregnant women. Urinary stasis and impairment of the physiological anti-reflux mechanism create conditions favorable for bacterial growth and ascending infection.
The additional predisposing factors include pregnancy-specific biochemical changes in urine, with higher amounts of glucose, amino acids and hormone degradation products, which increase urinary pH [7, 8] .
Similarly as in non-pregnant women, in pregnant women UTIs are classified either as asymptomatic bacteriuria (ASB), when the infection is limited to bacterial growth in urine, or symptomatic infections (acute cystitis, acute pyelonephritis), when bacteria invade urinary tract tissues, inducing an inflammatory response. The UTIs in pregnancy are by definition considered complicated infections and require a special diagnostic approach and management.
Epidemiology and risk factors
Urinary tract infections remain among the most common medical complications during pregnancy. It is estimated that the prevalence of ASB varies between 2% and 10-13%, similar to nonpregnant women [9] [10] [11] [12] [13] . There is a scarcity of data concerning acute cystitis in pregnancy; according to the available studies it is observed in 1-4% [11, 14, 15] . The prevalence of acute pyelonephritis in most reports ranges from 0.5% to 2% of pregnancies [1, 8, 16, 17] .
Many women acquire bacteriuria before pregnancy [18, 19] . A large retrospective analysis with logistic regression modeling, embracing 8037 women from North Carolina, revealed that the two strongest predictors of bacteriuria at prenatal care at prenatal care initiation were: UTI prior to prenatal care initiation (OR = 2.5, 95% CI: 0.6-9.8 for whites, and OR = 8.8, 95% CI: 3.8-20.3 for blacks) and a pre-pregnancy history of UTI (OR = 2.1, 95% CI: 1.4-3.2) [19] . In a second analysis, prior antenatal UTI was found to be the strongest predictor of pyelonephritis after 20 weeks' gestation (OR = 5.3, 95% CI: 2.6-11.0) [20] . Other suggested risk factors for UTI during pregnancy are lower socioeconomic status, sexual activity, older age, multiparity, anatomical urinary tract abnormalities, sickle cell disease and diabetes, although the significance of some of them (age, parity or sickle cell trait) remains a matter of controversy [1, 10, [21] [22] [23] .
Microbiology
The pathogens responsible for infections during pregnancy are similar to those in the general population. Most infections are caused by Enterobacteriaceae, commonly found in the gastrointestinal tract, with Escherichia coli responsible for 63-85% of cases, and among the remaining: Klebsiella pneumoniae (~8%), coagulase-negative Staphylococcus (up to 15%), S. aureus (up to 8%), and group B streptococci (GBS) (2-7%) [16, 17, [24] [25] [26] .
Consequences of urinary tract infection in pregnancy

Asymptomatic bacteriuria
The only serious maternal consequence of untreated ASB in pregnant women is a significant risk of acute pyelonephritis in later pregnancy (30-40% vs. 3-4% in treated patients) [27] .
The results of the studies on perinatal outcomes of untreated ASB are controversial. Although a number of them demonstrated a relationship of ASB in pregnant mothers and the risk of premature delivery and/or lower birth weight, some other studies failed to prove the association [28] [29] [30] [31] [32] . The Cochrane Library meta-analysis revealed that antibiotic treatment was effective in reducing the incidence of low-birth-weight infants but not of preterm deliveries [27] . However, the authors stressed the poor methodological quality of the available studies, their different design, lack of sufficient information about the randomization methods, different definitions used, low statistical power and some substantial biases, urging caution in drawing conclusions. A good example of these problems is presented by the Cardiff Birth Survey [33] . In a prospectively studied large cohort of 25 844 pregnancies, several demographic, social and medical factors (including bacteriuria) were significantly associated with preterm birth in the initial univariable analyses. However, after adjustments for other medical factors, bacteriuria retained an association of only borderline significance, and after further adjustment for demographic and social factors, the relationship completely disappeared. The results of the second analysis of the same cohort, aimed to compare associations of studied factors with spontaneous vs. indicated preterm birth, are even more interesting [34] . Two separate multiple logistic regression analyses revealed that spontaneous and indicated preterm births have different overall profiles of risk factors, and only the last of them was associated with bacteriuria. The authors concluded that ASB, if it does not progress to symptomatic UTI, is not associated with preterm delivery.
Maternal GBS bacteriuria in a pregnant woman is considered a marker for genital tract colonization with this organism which poses a significant risk of preterm rupture of the membranes, premature delivery and early-onset severe neonatal infection [1, 24, 26, [35] [36] [37] .
Symptomatic urinary tract infection
About 15-20% of women with pyelonephritis have bacteremia [8, 17] . They may develop various complications, such as acute kidney injury, anemia, hypertension, preeclampsia, sepsis and septic shock, hemolysis, thrombocytopenia, and acute respiratory distress syndrome, particularly if treat-ment is initiated too late [17, 27, [38] [39] [40] [41] [42] [43] [44] . Although these associations have not always been proved to be causal, most of the complications seem to be due to renal or other tissue damage caused by bacterial endotoxins and a systemic inflammatory response with endothelial injury [42, 45] .
A number of observational studies have demonstrated the relationship between maternal symptomatic UTI and the risk of premature delivery and lower birth weight [28] [29] [30] 46] . The frequency of preterm deliveries in women with acute pyelonephritis is significantly higher than in women free of this complication, and pyelonephritis seems to be an important independent risk factor for delivery before 37 weeks' gestation [2, 5, 47] . However, again, a substantial heterogeneity between these studies, together with many possible biases, makes it difficult to establish the overall contribution of UTI to preterm birth [48] . A rare but severe complication is the transmission of the infection onto the newborn baby [49] . Very often the transmitted infection originates from a heavily colonized birth canal, usually with GBS [26] .
Safety of antimicrobial treatment
Nearly all antimicrobials cross the placenta, and some of them may exert teratogenic effects. Commonly accepted antibiotics used in treating UTIs during pregnancy, regardless of its period, include derivatives of penicillin and cephalosporins, particularly those with low protein-binding ability (such as cephalexin), all of FDA pregnancy category B (Table I) [50] .
Nitrofurantoin and trimethoprim/sulfamethoxazole should be avoided during the first trimester due to a possible risk of fetal defects, although the studies on that issue yield somewhat contradictory results [1, [51] [52] [53] . In the large American population-based National Birth Defects Prevention Study, maternal use of sulfonamides and nitrofurantoin (1 month before pregnancy to the end of the first trimester) was associated with more serious defects than any other antibacterial classes [51] . However, this study has been criticized for several significant limitations including recall bias (women were asked about antibiotic use after pregnancy and it was not confirmed by medical records), inability to determine whether the birth defect was due to the antibiotic itself, the infection for which the antibiotic was prescribed, or other confounding factors. Two years later, the Committee of Obstetrics Practice of the American College of Obstetricians and Gynecologists, summarizing the available data on the relationship between prenatal exposure to both antimicrobials and birth defects, concluded that: 1) "When selecting an antibiotic for a true infection during the first trimester of pregnancy (that is, during organogenesis), health care providers should consider and discuss with patients the benefits as well as the potential unknown risks of teratogenesis and maternal adverse reactions; 2) "Prescribing sulfonamides or nitrofurantoin in the first trimester is still considered appropriate when no other suitable alternative antibiotics are available"; 3) "Pregnant women should not be denied appropriate treatment for infections because untreated infections can commonly lead to serious maternal and fetal complications" [52] . Recently Nordeng et al. published the results from a large In the second and third trimester, trimethoprim/sulfamethoxazole and nitrofurantoin are well tolerated and by some considered even first line agents, except in the last week before delivery, when they may increase neonatal jaundice and predispose to kernicterus [1, 10, [51] [52] [53] [54] [55] . The same concerns other antimicrobials with very high protein binding (e.g. ceftriaxone), since they can displace bilirubin from plasma proteins. One should also remember that trimethoprim (FDA pregnancy category C) is a folic acid antagonist; thus, supplementation of this agent and monitoring of its serum concentration are required during treatment [56, 57] . Nitrofurantoin can be theoretically associated with a risk of fetal or neonatal hemolytic anemia if the mother has glucose-6-phosphate deficiency, and although this complication in pregnancy has not been reported, the drug should be used with caution, particularly in areas of disease prevalence [10, 58, 59] .
The use of fluoroquinolones (FDA pregnancy category C) is essentially contraindicated throughout pregnancy, since fetal cartilage development disorders have been reported in experimental animals, although not in human studies [27, [60] [61] [62] [63] . In the largest study so far, 200 pregnant women exposed to fluoroquinolones were compared to 200 women exposed to nonteratogenic, nonembryotoxic antimicrobials, matched by indication, duration of therapy (~3 days), and trimester of exposure [60] . The rate of major congenital malformations did not differ between the group exposed to quinolones in the first trimester and the control group (2.2% vs. 2.6%; RR = 0.85; 95% CI: 0.21-3.49) and was within the expected normal range (1-5%). A systemic review of prospective, controlled studies showed that the use of fluoroquinolones during the first trimester of pregnancy does not appear to be associated with an increased risk of major malformations recognized after birth, stillbirths, preterm births or low birth weight [64] . Apparently more data are needed to establish safety of fluoroquinolones in pregnancy before they may be routinely prescribed. However, in some cases of complicated symptomatic UTI, resistant to other antibiotics, their benefits may outweigh the risks [60] .
Gentamicin and other aminoglycosides are FDA pregnancy category D, because of their potential nephro-and neurotoxicity (eighth nerve damage) to the fetus [1, 65, 66] . Tetracyclines lead to discoloration of deciduous teeth if given after 5 months' gestation [65, 66] . Macrolides have been assigned to pregnancy category C by the FDA (Table I) . Although these drugs are used in pregnancy relatively often, the data on their embryotoxicity and teratogenicity are limited. Earlier reports suggested an association between prenatal exposure to macrolides and congenital heart defects or pyloric stenosis, whereas the results of some recent studies are rather reassuring [51, [67] [68] [69] [70] [71] . The first prospective controlled multicenter study of exposure to clarithromycin in early pregnancy suggested that this agent does not increase the risk of fetal malformations above the expected 1-3% [68] . However, there was a two-fold higher rate (14% vs. 7%) of spontaneous abortions in the exposed vs. control group, and although it still remained within the expected baseline rate, the possibility that it could be a result of undiagnosed fetal malformation cannot be excluded. No significant teratogenic effect of erythromycin was identified in a Hungarian case-control study, a nationally based registry of cases with congenital abnormalities [69] . The main limitations of this data set were: a relatively low response rate, retrospective collection of data (recall bias), inability to exclude the effect of other drugs, and a restriction of the study to the second and third trimester. However, in a large prospective observational study, performed in 511 women exposed to macrolides during the first trimester, Bar-Oz et al. did not observe a significant difference in the rate of major congenital malformations between the study group and comparison group [70] . Recently, Lin et al. compared the prenatal usage of erythromycin and nonerythromycin macrolides by mothers of 4132 infants with a congenital heart defect and 735 with pyloric stenosis and mothers of 6952 infants without any malformation, serving as a control group [71] . In logistic regression analysis they found no association of exposure to the drugs and increased risk of both types of birth defects. Again, these results should be interpreted with caution, since the power of the study was limited and -as the authors underline -modest associations could be missed. So further studies are needed before the macrolides become accepted for wide use. Until then, this group of antibiotics should be reserved for the treatment of serious or life-threatening conditions, unresponsive to standard antibiotic therapy.
Interesting findings came from the ORACLE Children Study II, which assessed the long-term outcomes for 3190 children born to women who had received antibiotics vs. placebo for threatened preterm labor with intact membranes [72] . The study sought follow-up information for children at age 7 in the UK using a parent-report postal questionnaire. The authors found that exposure to erythromycin or amoxicillin-clavulanate significantly increased the number of children with various functional impairments and cerebral palsy compared to placebo (OR = 1.42, 95% CI: 0.68-2.98, and OR = 1.22, 95% CI: 0.57-2.62, respectively). The risk was greatest when both antibiotics were given together compared to double placebo (OR = 2.91, 95% CI: 1.50-5.65). The cause of this neurological dysfunction is unclear, but it could be a result of subclinical perinatal infection as well as a direct effect of the antibiotics on the fetal brain or cerebral blood flow. Alternatively the antibiotic might have negatively influenced microbial colonization of newborn children, with long-lasting consequences. There are some suggestions that antibiotics alter immune tolerance by changing the fetal gut flora, thus contributing to the substantial increase in the incidence of asthma, allergies, autoimmune diseases, autism, ADHD and other chronic conditions [73] [74] [75] . The main conclusion from all these interesting studies is that we should be very cautious in prescribing antibiotics to pregnant women in the absence of proven benefit (e.g. spontaneous preterm labor with intact membranes), while in situations clearly associated with increased risk of maternal, fetal and neonatal death (e.g. clinical signs of chorioamnionitis) antimicrobial therapy is necessary.
Diagnosis and treatment of different clinical forms of urinary tract infection
The criteria for diagnosis and treatment of UTI are more restrictive compared with the general population, since the potential risks concern not only an expectant mother but also her unborn child.
Asymptomatic bacteriuria Screening tests
Given the evidence that effective antimicrobial therapy of ASB in pregnancy significantly reduces the risk of pyelonephritis and possibly also adverse fetal outcomes, routine screening for the presence of clinically significant bacteriuria in all pregnant women has become necessary. Urine culture remains the most reliable test allowing the diagnosis of ASB. According to recommendations developed by the IDSA (Infectious Diseases Society of America), significant bacteriuria in asymptomatic women is defined as bacterial monoculture in the quantity of ≥ 10 5 colony-forming units (CFU) per ml in two consecutive mid-stream cleancatch urine specimens or ≥ 10 2 CFU/ml in urine collected from single urinary bladder catheterization [76] . However, for practical and economic reasons the guidelines for routine screening in pregnancy accept a single urine culture taken between weeks 12 and 16, or at first prenatal visit (if later), although there is only an 80% probability that the woman has true bacteriuria (vs. 95% with the original criteria) [9, 77] . Due to this high rate of false positive results, in some centers women with a positive urine culture are asked to return within 1 week for the second testing, to avoid unnecessary treatment [11] . A question which remains unanswered is: should women in whom no ASB was detected upon the first examination have additional screening in later pregnancy? To date, repeated tests have been recommended only in high-risk women (with diabetes, sickle cell anemia, immunological defects, urinary tract abnormalities or a history of recurring infections before pregnancy) [2, 38] . However, the more recent reports suggest that repeating the urine culture in each trimester improves the detection rate of ASB [78, 79] . McIsaac et al. studied 1050 women who were subjected to successive urine cultures before week 20, at week 28 and at week 36 [78] . A total of 49 cases of ASB were detected (prevalence 4.7%). The authors demonstrated that basing the diagnosis on a single urine culture before 20 weeks' gestation leaves more than one-half of ASB cases undiagnosed, since 40.8% of diagnoses were made after the first culture vs. 63.3% after the second vs. 87.8% after the third culture. In a much smaller Turkish study, ASB prevalence distribution in the first, second, and third trimesters was 0.9%, 1.83%, and 5.6%, respectively [79] . That suggests that many women with no bacteriuria in their initial examination in the first trimester may develop bacteriuria during the later trimesters. The authors of these studies conclude that it would be prudent to screen pregnant women for bacteriuria also in the second and third trimesters [78, 79] . However, until large, prospective, randomized clinical trials (RCTs) are available and a clear benefit of this routine additional screening is observed, no recommendation can be made for or against it.
Treatment
The presence of ASB in a pregnant woman is an absolute indication for initiation of the treatment. The benefits of such a strategy with bacteriological follow-up were summarized by Smaill and Vazquez for the Cochrane Library, on the basis of the results of 14 RCTs, embracing 2302 pregnant women with ASB, in which the effects of different antibiotics given for different duration were compared to placebo or untreated groups [27] . The analysis of 5 of these trials, involving 820 pregnancies, showed that antibiotics effectively cleared ASB (RR = 0.25, 95% CI: 0.14-0.48). In the same review the authors present the results of another analysis which included 11 trials and 1955 pregnancies, which demonstrated that antibiotic treatment of ASB may reduce the incidence of pyelonephritis by 52-86% (RR = 0.25, 95% CI: 0.14-0.48).
Management of ASB in pregnancy consists of short-term, usually 5-7 days, oral antibiotic therapy [76] . Basic principles of management are presented in Table II . In the face of the rapidly developing antibiotic resistance, the current position is that the treatment should be based on microbial sensitivity testing. Recently, a growing number of authors suggest that a reasonable first choice drug in the second and third trimester is the old and almost forgotten nitrofurantoin [80] [81] [82] . As shown by most recent studies, nitrofurantoin is active against nearly 90% of E. coli strains isolated from urine, including 89% of extended spectrum β-lactamase (ESBL)-producing strains [81, 82] . Kashanian et al. carried out a retrospective analysis of drug resistance among bacteria cultured from urine specimens in a single hospital in New York in 2003-2007 [81] . Out of 10 417 cultures in which E. coli growth was achieved, 95.6% were sensitive to nitrofurantoin, with the average resistance rate of 2.3%, being significantly lower than that of ciprofloxacin, levofloxacin and trimethoprim/sulfamethoxazole (24.2%, 24% and 29%, respectively). A single 3 g dose of phosphomycin also has a low resistance rate in E. coli infections and seems to be effective in non-pregnant women, but there is limited experience in using this regimen in pregnancy, and until more data become available it should not be given [50] .
Women with GBS isolated from the urine at any point during pregnancy should be treated according to the CDC (Centers for Disease Control and Prevention) guidelines, revised in 2010 and endorsed by the ACOG (American College of Obstetricians and Gynecologists) and AAP (American Academy of Pediatrics) [24] . In asymptomatic women with urinary colony counts < 100 000 CFU/ ml, antimicrobial agents are not recommended before the intrapartum period, since such treatment is not effective in eliminating GBS carriage or preventing neonatal disease and can cause adverse consequence. Symptomatic UTI or GBS significant ASB should be treated according to current standards of pregnancy care [25, 77] . All of them (regardless of level of CFU/ml), at the time of labor or rupture of membranes, should receive appropriate intravenous antibiotics for the prevention of early-onset neonatal GBS disease, and do not need rescreening by genital or urinary tract culture in the third trimester, as they are presumed to be GBS colonized [24, 83, 84] . The same approach is recommended for women who had a previous infant with invasive GBS disease. All other patients should be screened at 35-37 weeks' gestation for vaginal and rectal GBS colonization [24, 84] .
Follow-up urine cultures
All pregnant women with ASB should have periodic screening after therapy, since as many as one third of them experience a recurrent infection [58, 76] . Follow-up cultures should be obtained 1-2 weeks after treatment and then repeated once a month [58, 76] . In case of persistent or recurrent bacteriuria, longer antibiotic therapy using the same agent (e.g. 7 instead of 3 days of treatment) or another first line drug is recommended. Subsequent treatment courses are administered until the bacterial counts drop to non-significant levels [56] . If bacteriuria persists despite repeated courses of therapy, as well as in women with additional risk factors (e.g. immunosuppression, diabetes, sickle cell anemia, neurogenic bladder) or recurrent/persistent UTIs before pregnancy, one should consider antimicrobial prophylaxis [10, 56] . Patients with recurrences associated with sexual activity may be offered postcoital prophylaxis a single antibiotic dose (e.g. nitrofurantoin 50-100 mg p.o. or cephalexin 250-500 mg p.o.) postcoitally [56, 85] . The remaining women may be given small doses of antibacterial agents (e.g. nitrofurantoin 50-100 mg in the evening) until the end of the pregnancy. In this group the follow-up urine culture is performed only at the beginning of the third trimester. In case of significant bacteriuria, prophylactic doses should be replaced by another course of antimicrobials, based on susceptibility testing [56] .
Cystitis/urethritis Diagnosis
The diagnosis is made on the basis of symptoms (cloudy urine, dysuria, frequency, urgency, abdominal or suprapubic pain) and the presence of even small bacterial colony counts (≥ 10 2 -10 3 CFU/ml) [56] .
Management
In most cases of lower UTI, the treatment is similar to that used in ASB (Table II) and should be guided by antimicrobial susceptibility testing. The optimal duration of treatment is unknown, but longer courses (5-7 days) of the therapy are generally suggested [12, 55, 58, 86] . Follow-up urine cultures are recommended 1-2 weeks after the treatment and then once a month. In women receiving chronic immunosuppression, management discussed in the section on ASB should be followed. In women with recurrent acute cystitis, antimicrobial urinary suppression based on daily use of a small dose of antibacterial drug during the symptom-free period is recommended or, in the case of an evident relationship of the disease with sexual activity, only after intercourse (e.g. nitrofurantoin 50-100 mg, cephalexin 250-500 mg) [56, 85] .
Acute pyelonephritis
Acute pyelonephritis is most common in late pregnancy, with 80-90% of cases occurring in the second and third trimester [16, 17, 29, 38, 87] . It is usually a consequence of undiagnosed or inappropriately treated lower UTI, or a complication of 30-40% of cases of untreated ASB [8] . The overall incidence of pyelonephritis reaches up to 2% of all pregnancies (vs. < 1% in the general population [2, 8] . Besides ASB, the other risk factors of acute pyelonephritis include: mother's age, nulliparity, sickle cell anemia, diabetes, nephrolithiasis, illicit drug use, history of pyelonephritis and maternal urinary tract defects [2, 8, 24, 58] .
The clinical presentation is typical and includes lumbar pain, fever of > 38°C, chills, nausea, vomiting and costo-vertebral angle tenderness, while symptoms of dysuria are less common. Nearly one in five of pregnant women with pyelonephritis has septicemia at diagnosis [3, 8, 17, 40] . Hill et al. among 32 282 pregnant women, who had been admitted to their prenatal clinic during the 2-year study period, identified 440 cases of pyelonephritis [17] . Complications included: anemia (23%), septicemia (17%), transient renal dysfunction (2%), and pulmonary insufficiency (7%). Numbers of preterm births and small-for-gestational-age infants were not increased as compared with expected rates in this hospital.
Management
Basic principles of management are presented in Table III . According to the 2005 IDSA guidelines, all suspected cases of pyelonephritis should be hospitalized at least for the initial 48 h of treatment [76] . However, some authors believe that in carefully selected cases, when a definite diagnosis of pyelonephritis can be made and a strict medical follow-up is possible, outpatient treatment may be attempted [38, 88, 89] . This is the case mostly in young, hitherto healthy women before 24 weeks' gestation and free of severe symptoms In case of allergy to β-lactams.
such as high fever with chills, persistent vomiting, significant dehydration or clinical signs of sepsis (tachycardia, tachypnea or hypotension) [38, 39, 49] . It should be stressed, however, that these are only opinions, based mostly on observational and a few small RCTs, and that in contrast to the overall population, evidence regarding the safety of such management is not available [89] [90] [91] . Appropriate hydration of the patient is a very important part of the treatment regardless of the setting. Beside urine and blood culture, recommendations include basic laboratory analyses (complete blood counts, electrolytes, creatinine, liver parameters, coagulation profile) and an ultrasound scan, which usually reveals dilation of pyelocalyceal systems and allows exclusion of other causes of the symptoms (e.g. renal abscess, ureter obstruction, other abdominal infections). In all patients, regardless of whether they are hospitalized, antibiotics should be given parenterally, for at least the first 48 h (until the resolution of fever). Usually the treatment is initiated empirically and verified after obtaining the microbial sensitivity test results [1, 76] . Forty-eight hours after resolution of symptoms, administration may be switched to the oral route. In case of fever persisting for more than 48 h, blood and urine cultures should be repeated, and any possible causes of treatment failure (perirenal abscess, lithiasis, congenital or acquired structural changes within the urinary tract) have to be carefully considered [38, 76] . Antibiotic therapy is usually continued for 10-14 days, although its optimum duration has never been established.
Unfortunately, there are not sufficient data available to recommend the specific treatment regimens in pregnant women. β-Lactam antibiotics are used most commonly, as they are relatively safe for the fetus (Table III) . Carbapenems are reserved for the treatment of more severe cases, and those caused by multi-drug resistant bacteria. Administration of more toxic agents, such as aminoglycosides (potential fetal neuro-and nephrotoxicity) is acceptable only in cases when the expected benefits for the mother (e.g., in life-threatening conditions) outweigh the potential risk to the unborn child.
Recurrences of pyelonephritis, observed in 6-8% of pregnant women, pose a significant problem. In such cases, in periods free of symptoms, prophylactic treatment is recommended (e.g. nitrofurantoin 50-100 mg, cephalexin 250-500 mg before sleep), with urine culture at the beginning of the third trimester. Then upon detection of bacteriuria, prophylaxis is replaced by regular treatment [56] . In the aforementioned prospective study by Hill et al., after the successful treatment of pyelonephritis all studied women were placed on urinary suppression with nitrofurantoin, 100 mg daily, and were carefully followed up [17] . Only 12 of them (2.7%) were readmitted for recurrent pyelonephritis, and all 12 were found to be noncompliant with their antimicrobial suppression. However, again, this regimen is not supported by evidence obtained in RCTs. Recent analysis of the results of a randomized study that included 200 pregnant women showed no superiority of nitrofurantoin prophylaxis combined with standard of care (careful bacteriological control and antibiotic therapy upon detection of bacteriuria) over the standard of care alone [92] .
Future challenges
Due to the potential risk to mother and fetus, detection and effective treatment of UTIs remains an important clinical problem. It is advisable to assess risk factors for UTI in pregnancy, bearing in mind that some diagnostic procedures are not feasible and advisable to perform i.e. urodynamic studies [93] . Unfortunately, in contrast to the overall population, available data are scant, and the management guidelines were published several years ago and were largely opinion-based. The development of new recommendations requires well-planned, extensive studies, that would answer the still open questions regarding the frequency of screening and follow-up examinations, purposefulness of prophylaxis, safety of hitherto insufficiently studied or new antibiotics in pregnancy, and choice of optimum treatment regimens. If possible, any antibiotic use should be avoided in the first trimester, as this is the period of fetal organogenesis and nervous system development, with the highest risk of teratogenic effects of drugs.
Another disturbing problem, particularly in the aspect of fetal safety associated with therapeutic limitations, is the observed rapid development of antibiotic resistance. In general, this is applicable to diverse bacterial pathogens in many different clinical settings, and is becoming one of the most significant future threats to public health. In Gram-negative bacilli the resistance is associated with their ability to synthesize extended spectrum β-lactamases (ESBLs), as well as carbapenemases. The rapid spread of resistance is due to the fact that genes encoding β-lactamases and carbapenemases (particularly of the KPC type) are localized on mobile genomic elements (plasmids) easily transferable within the strain and among different strains of bacteria, even if the bacteria are not related to each other [94] . The introduction of new diagnostic methods with genetic typing may provide new opportunities in this area [95] .
It is believed that currently more than a half of E. coli strains and more than one third of Klebsiella are ESBL+, leading to the resistance to third generation cephalosporins [15, 78, 80] . Enterobacteriaceae strains are resistant to all β-lactam and carbapenem antibiotics [94] . Another commonly observed phenomenon that has been known already for some years is meticillin resistance of Gram-positive cocci, which in practice often translates to multidrug resistance of these bacteria. One should also remember that antibiotic resistance of bacteria may differ depending on geographic area, hospital and even hospital ward, and the information on this topic may be crucial when making therapeutic decisions. Despite the diet in pregnancy is not generally different [96] , we may think about some dietary approaches to change urinary pH as a prophylaxis of UTI in pregnancy.
